The objective of an ATM system is to enable aircraft operators to meet their planned times of departure and arrival, and adhere to their preferred flight routes, ensuring maximum levels of safety. The majority of the service is provided by air traffic controllers, working either at airports, handling the arrival and departure flight phases, or at air traffic control centers, handling the en-route flight phase.
There are approximately 75 of such centers in Europe. 
History
Founded in 1963, the Eurocontrol agency was created with the ultimate aim to have an organization that would be responsible for the entire airspace in Europe. This initiative was put forward by the International Civil Aviation Organization (ICAO), who advocated the complete integration of European air traffic services. However, despite these initial objectives, the majority of European states were not prepared to give up sovereignty over their own airspace. Nevertheless, progress was made. As Eurocontrol established itself, the intention to work towards safety, efficiency and harmony in the European skies remained the same. The focus, however, shifted from integration to cooperation. In 1967 the Eurocontrol Experimental Centre was inaugurated in Brétigny-sur-Orge, France. The centre was to specialize in research and development, creating new methods and tools for the ATM environment.
At the beginning of the 1980s, the aviation industry entered a new era. Air traffic had been increasing steadily and had coincided with underinvestment in facilities and insufficient recruitment of personnel, causing an increase in congestion and severe delays. This made increasing capacity the top priority of Eurocontrol throughout the 1980s and 1990s. It was also in this period that Eurocontrol expanded to new member states.
At the start of the new millennium, the primary focus of Eurocontrol shifted to dealing with the aftermath of the events of September 11 th , 2001 . Safety and security, which have always been important priorities for Eurocontrol, now became even more paramount. Today, Eurocontrol continues its policy of promoting consolidation of airspace and cooperation between member states. This policy is now expanding beyond Europe to a global scale, partially due to operational and security reasons, but also due to globalization forces and the need to cooperate with non-European neighbors in order to operate efficiently. The Problem: Increasing Capacity Substantial improvements to European air traffic capacity have already been delivered, thanks to national and international measures and the efforts made by all stakeholders over the past 15 years. However, as air traffic gradually resumes its normal levels after the downturn following September 11 th , 2001, pressure is increasing again due to a gradual increase in demand, which is expected to double by 2020. According to the latest forecasts (Figure 6 ), within 15 years, a potential 3.7 million flights per year will be unaccommodated, with 75% of European airports experiencing severe congestion, as air traffic in Europe is expected to reach up to 16 million flights a year, carrying over 1.5 billion passengers.
Currently, even available capacity cannot be fully exploited, due to air traffic controller shortages, segregated systems, lack of standardization and restricting regulations. Airport congestion, already a problem at many major airports, will become more widespread, especially at international hub airports serving major European cities. Moreover, concerns for the environment exert a growing influence on ATM. A seamless approach to en-route and airport operations throughout Europe, through systemwide information management and collaborative decision-making processes, is mandatory in order to optimize resources and to support the expected increase in demand and the rapidly changing environment the aviation industry is currently experiencing. . Flight demand history and forecasts until 2025. Scenario A represents globalization and rapid economic growth, whereby flight demand grows on average 4.3% p.a. In scenario B, business is as usual, with moderate economic growth and no significant changes from the current trends, which results in an annual growth rate of 3.6%. Scenario C represents strong economic growth with government regulation to address growing environmental issues leading to 3.2% growth p.a. In Scenario D, regionalization and weak economic conditions (increased tensions between regions with high security costs and high oil prices), result in a 2.5% annual growth.
The Solution: A Single European Sky
According to Victor M. Aguado, Director General of Eurocontrol, ATM systems will need to change substantially if they are to cope safely and efficiently with the predicted levels of traffic growth: "In order to handle the levels of traffic we will face in 2020, we need to begin working now to build a panEuropean network of air navigation services, airports, airlines and airspace users whose evolution is planned and designed to meet traffic loads".
With this goal in mind, the European Commissioner for Transport, Jacques Barrot, announced the European Commission's intention to create a high-level group, combining both civil and military personnel, with the task of establishing a program of work for the realization of a Single European Sky (SES). The SES initiative aims to reform the management of European airspace to meet future capacity and safety needs via legislation. It will overcome one of the most important shortcomings preventing the efficient implementation of a modernized ATM system: the lack of cohesive decisionmaking and joint commitment by the many stakeholders involved.
The SES objectives are to improve and reinforce safety, to restructure European airspace to accommodate air traffic flow, to create additional capacity and to increase the overall efficiency of the ATM system. The SES objectives will be achieved by using a more effective and integrated ATM architecture. Officially, the goals of the SES are:
• Reduction or elimination of fragmentation of the European airspace • Optimization of airspace use • Increasing capacity limits of the ATM system to allow for air transport growth • Improvement of air transport safety and security • Minimization of environmental impact • Improving global interoperability of ATM systems In the past, many initiatives aimed at improving the ATM system were undertaken. However, full benefits were never achieved, mainly due to lack of commitment by the stakeholders. Now, for the first time in European ATM history, all aviation players will come together in defining, committing to and implementing a pan-European program. The project will be carried out by a consortium combining the expertise from 30 organizations and 20 associated partners, including representatives from airspace users, airports, air navigation service providers, the supply industry, safety regulators, military, pilots and controllers associations, research centers and Eurocontrol (see Figure 7) . The project, jointly funded by the European Commission and Eurocontrol, will deliver the European ATM Master Plan. Its recommendations will be the foundation for future implementation activities by all stakeholders.
Perhaps the most important challenge Eurocontrol is facing in the years to come will be the part it plays in the SES initiative. Eurocontrol began its journey back in 1960 with the ambition to dissolve national boundaries in European airspace. Now, more than forty years later, the original dream of the agency's founding fathers seems to finally be in sight. The Plan: Operational Improvements Current projects have already begun investigating improvements that could be made to the European ATM system, to be put forward as part of the Master Plan. These projects, referred to as Operational Improvement (OI) clusters, describe the operational, technical and institutional changes that should be applied to the European ATM network to meet performance requirements and to improve in key performance areas such as capacity, safety, cost-effectiveness, flexibility and environment. The European ATM Strategic Roadmap of OI clusters, seen in Figure Each OI cluster consists of a set of components selected for research and possible implementation. In the early stages of constructing and defining the clusters, SESAR members will need to identify the specific set of components to be included in each OI cluster. These decisions are complicated by several factors. First, the selection of specific components results in trade-offs among the objectives, as most components have advantages and disadvantages with respect to the different key performance areas. A second complicating factor is that each component can be implemented in one of several different modes, leading to multiple implementation alternatives, each characterized by a different cost and expected performance impact. Third, different stakeholders may associate a different priority to each objective and also disagree on the expected costs of and performance benefits of each of the components. Fourth, several performance measures require qualitative assessments, as they cannot easily be expressed in monetary or other quantitative measures. Finally, several requirements must be taken into account, including budgetary constraints or a minimum required level of safety.
Case Study: Improvement to Airport Operations
The OI cluster designed to generate improvements to airports operations is known as Arrival and Departure support with P-RNAV 2 . According to Henk Hof, manager of the Strategy and Performance group, "although airports are the point of departure and arrival of all flights, their ATM-related operations have yet to be fully integrated and unified with the global ATM organization". The cluster examines (1) progressively superseding basic navigation tools by advanced ones; (2) alternative descent approaches reducing noise and gaseous emission; (3) improving arrival and departure operations by providing controllers automated support tools to better manage traffic; (4) revising separation minima for the approach and departure phases, to optimize the use of runways and capacity. Overall, the cluster explores how the aircraft arrival and departure processes can be made more efficient, safe and environmentally friendly. Precision Area Navigation (P-RNAV) offers the ability to define routes in the terminal airspace to best meet the needs of the airport, the air traffic controller, and the pilot, resulting in shorter, more direct routes. When environmental issues play a major role, the route can be designed to, for instance, by-pass densely populated areas. Representatives from Eurocontrol's Strategy and Performance group strongly believe that there are clear environmental and safety benefits expected from the implementation of P-RNAV. However, airports representatives claim that the implementation of the P-RNAV will reduce airport capacity. Finally, airlines have highlighted that while they agree that emissions and noise nuisance are likely to be reduced by the use of the P-RNAV, and that there are expected safety benefits from the implementation of the P-RNAV, the fear that they are likely to be the main cost bearers of this technology. (AMAN and DMAN) assist the controller by recommending the optimal arrival and departure sequence. Airports hope that the implementation of AMAN and DMAN will result in a better runway utilization and thus increase capacity, while airlines anticipate that AMAN and DMAN will allow for better prediction of departure and arrival times. It is not necessary to implement both AMAN and DMAN. Selecting either one of them, the two together, or both along with an additional sequencing tool are all feasible options.
Arrival and Departure Manager
The Wake Vortex (WV) of an aircraft takes the form of two counter-rotating swirling rolls of air that trail from the wing tips, as seen in Figure 9 . An aircraft encountering the WV of a preceding aircraft may undergo considerable variations in position, possibly causing a momentary loss of control. The lifetime of a vortex depends upon local meteorological conditions; circulations decay to about one half their initial values within 60 to 90 seconds. Therefore, to avoid WV encounters, Air Traffic Control (ATC) regulations prescribe longitudinal separation minima between aircraft, a function of the weight category of the leading and following aircraft. However, the separation standards are considered conservative and according to the Eurocontrol strategy on WV research, considerable operational improvements can be made through a more accurate knowledge of WV behavior, which could yield important capacity gains, by allowing planes to fly closer to each other. Several implementation options have been proposed with regards to WV, including reduced ICAO WV minima, improved onboard WV visualization and alternative landing procedures.
Time-Based Separation (TBS):
If separation between aircraft is set according to time intervals instead of distance, this may allow for an increase in airport capacity whilst maintaining present safety levels. TBS can be implemented with fixed or variable time intervals. The main expected performance impact includes enhanced capacity and cost-effectiveness as TBS is likely to reduce delays and therefore costs. Paulina Simons, the representative from LVNL (ATC, The Netherlands), pointed out that the implementation of TBS would require a refinement of the controllers' working methods and providing them with advanced support tools.
Basic Continuous Descent Approach (B-CDA) allows airplanes to fly more directly and at more fuel efficient altitudes, which will reduce aviation emissions and noise pollution. During conventional descent approaches, the aircraft follows a landing procedure whereby it levels off on a horizontal segment in order to capture the glide slope (see Figure 10 ). This segment, flown at low altitude, generates a lot of noise and air pollution, since the aircraft needs to have flaps and landing gear out, generating a lot of drag, which has to be counterbalanced by increased engine thrust. The objective of the B-CDA is to eliminate this segment and allow the aircraft to begin the descent path earlier and Figure 9 . Wake vortex pair generated by an aircraft at a higher altitude. B-CDA will produce environmental and cost benefits, however, airports are concerned that B-CDA will have negative impact on capacity. 
Performance Area Goal
Safety Overall safety level to reach an improvement factor of 3 in order to meet the safety objectives in 2020.
Capacity
To be able to accommodate a 73% increase in traffic (growth measured from 2005 baseline).
Cost-Effectiveness
To halve the total direct European gate-to-gate ATM costs from €800/flight in 2004 to €400/flight in 2020 (in 2005 euros).
Environment Impact
To enable a 10% reduction in the effects flights have on the environment.
Efficiency
• At least 98% of flights departing on time • Average departure delay should not exceed 10 minutes.
• Less than 5% of flights will suffer additional fuel consumption of more than 2.5%.
• For flights suffering additional fuel consumption of more than 2.5%, the average additional fuel consumption will not exceed 5%.
Flexibility
• Of the scheduled flights requesting a change in departure time, no more than 2% should suffer a delay penalty of more than 3 minutes as a consequence of the request.
• At least 98% of the non-scheduled flight departures will be accommodated with a delay penalty less than 3 minutes.
• The average delay of such non-scheduled flight departures will be less than 5 minutes.
Predictability
• Less than 5% of flights suffering arrival delay of more than 3 minutes.
• The average delay of delayed flights will be less than 10 minutes.
• Reduce cancellation rates by 50% by 2020 compared to 2010 baseline, reduce diversion rates by 50% by 2020 compared to 2010 baseline and reduce total disruption delay by 50% by 2020 compared to 2010 baseline. • Reduce reactionary delay by 50% by 2020 compared to 2010 baseline and reduce cancellation rate by 50% by 2020 compared to 2010 baseline.
Security
To provide a degree of resilience that is state of the art and commensurate with the security risk scenarios as agreed by the stakeholders.
Exhibit 3 -Excerpts from interview with Andrew Harvey, manager Airport Throughput Research Area and Wake Vortex project manager We are currently exploring four possible wake vortex measures. First, improved groundbased prediction and detection, which will allow to reduce the ICAO WV minima. Second, improving onboard wake vortex visualization by installing new detection and warning systems in the airplanes. Finally, we are also looking into a completely different solution, that of alternative procedures such as High Approach Landing System (HALS) or Displaced Threshold Operations (DTOP).
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Objective of Wake Vortex Enhancements
What are the objectives of these enhancements?
The primary objective is to achieve the higher levels of safety, allowing to better exploit existing capacity.
In 2006, out of 9.2 million flights, there were 17 fatal accidents, none of which could be attributed to WV incidents. In fact, the most recent WV-related accident occurred in the US, on 12 November 2001 (American Airlines flight 587). This current level of safety meets the target defined by the European Commission. To increase airport capacity, we are aiming to safely reduce the separation of aircraft. The challenge is to do this while not allowing the level of total number of accidents to increase, also in light of the prospected growth in air traffic.
Looking at the most likely air traffic growth scenario for the year 2010, i.e. moderate economic growth and no significant changes from the current trends (scenario B in Figure  6 ), we expect around 200,000 unaccommodated flights per year. Ground-based prediction and detection could be introduced in the ten busiest airports in Europe. According to assessments made by the airlines, the decrease in the number of unaccommodated flights is estimated at 20.7%, i.e. an increase in capacity of 41,400 flights.
On the other hand, it is estimated that the airborne wake vortex detection and warning system will not lead to a capacity increase since it will not allow a reduction of separation minima. However, the accident rate is expected to decrease.
Finally, alternative landing procedures are also anticipated to lead to increased capacity. Such operations are currently only conducted at the Frankfurt Main Airport in Germany, where it is estimated that alternative procedures will increase capacity by reducing unaccommodated flights by 2.5%. The implementation of these measures should not have an impact on such criteria, in the sense that they should not introduce additional delays or impact efficiency. However, they are also not expected to improve the performance on these criteria.
Costs

What costs are associated?
We have identified four types of costs associated with the enhancements:
• Research and Development costs • Implementation costs • Operation and Maintenance costs • Termination costs Detailed Net Present Vale (NPV) analyses have been carried out. The ground-based prediction and detection system is the alternative with the highest degree of uncertainty and therefore a wide range of possible NPV.
5.2
Who will carry these costs?
The costs associated with the enhancements will be carried by different parties. Reducing ICAO WV minima with ground-based prediction and detection, while it will not entail costs to the airlines, will require investment per airport. Alternatively, airborne detection research and development costs are assumed to be included in the new hardware elements in the aircraft, which the airlines will need to cover. Currently the airlines are also the sole stakeholder expected to cover the operation and maintenance costs. Finally, the research and development costs associated with alternative landing procedures will be financed by hardware manufacturers. Airports will cover implementation costs of the system as well as maintenance costs.
Environment
Will the environment be impacted?
We need to examine two perspectives of the environment: gaseous emissions and noise. Let's start with the second. The number of people affected by noise will not be impacted by these enhancements. Today's busy airports claim that a total of 3.67M people are currently affected by noise higher than 55dB. However, we must accept that the increase in capacity will have a negative effect on noise pollution in the sense that the number of noise events will increase, thus the Person-Event Index (PEI; (# people exposed)* (# flights)) will increase.
As to gaseous emissions on the ground and in the air, we are still working to define measures for the local air quality as well as the level of compliance with environmental rules and constraints. Although we cannot measure it, we can say that with regards to local air quality, improving onboard visualization by installing new airborne systems is not anticipated to have any benefit beyond the current status quo. However, improving onboard visualization seems slightly more preferred to the alternative landing procedures on this criterion and more preferred to the ground-based prediction and detection.
Safety
Will we see a reduction in Fatal accidents?
While ground-based prediction and detection is not likely to change the overall rate of fatal accidents, airborne wake vortex detection and warning systems will reduce accident rates. Our studies indicate a likely reduction of 5%, i.e. from a rate of 17 out of out of 9.2 million flights to 16.5. Looking at the alternative landing procedures at Frankfurt airport, by 2010, we should be able to achieve a similar reduction in fatal accidents if alternative landing procedures were to be used.
7.2
How about the change in runway incursions -can we hope to see a change there? While I do not think that the rate of runway incursion will be impacted, it is possible that we will see a reduction in safety events. Again, it is likely that airborne detection and improved visualization will lead to more of a reduction, probably around 5%. The airlines also believe that ground-based prediction and detection will reduce these incidents by 2.5% with similar effects for alternative landing procedures. However, the airports seem to disagree with this assessment.
Exhibit 4 -Monetary capacity benefits anticipated from implementing wake vortex measures (values refer to M Euros gained; "Narrow" / "Broad" define the possible scope of implementation) 
